Abstract. B7-H3, a newly identified co-stimulatory molecule, has been reported to be highly expressed in a number of types of cancer and is associated with a poor prognosis. Transwell experiments and a wound-healing assay were used to detect the role of over-expressed B7-H3 on cell migration and invasion in colorectal cancer (CRC) cells. The expression level of matrix metallopeptidase 9 (MMP-9) was further investigated by zymography experiments and western blot analysis, and involvement of the Janus kinase 2 (Jak2) signal transducer and activator of transcription 3 (STAT3) signaling pathway was determined using AG490, a Jak2 selective inhibitor. Data showed that overexpression of B7-H3 promoted cell migration and invasion in CRC. Further investigation certified that enhanced expression of B7-H3 elevated MMP-9 through upregulation of the Jak2-Stat3 signaling pathway. Due to its pro-migratory and pro-invasive function, B7-H3 may serve as a therapeutic target in the treatment of CRC.
Introduction
Colorectal cancer (CRC) is the third most common type of cancer and the third leading cause of cancer-related mortality in the United States (1) . Incidence rates decreased by ~3% per year; however, rates increased among adults younger than 50 years-old during the past decade (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) . Therapeutic outcomes of patients with CRC are often far from satisfactory due to recurrence and metastasis, as the tumors are biologically and molecularly heterogeneous. In recent years, molecular targeted therapy has progressed. However, more reliable prognostic and curative biomarkers identifying patients with increased risk of disease recurrence and metastasis are required.
B7-H3, a newly identified co-stimulatory molecule, is a member of the B7 family of proteins (2) . B7-H3 is highly expressed in numerous types of cancer, and has been demonstrated to promote tumor progression and cancer cell metastasis, as well as to correlate with the malignancy grade and the outcome of tumor patients, including CRC (3, 4) , acute leukemia (5), glioma (6) , hepatocellular carcinoma (7), lung cancer (8) , breast cancer (9) , prostate cancer (10), osteosarcoma (11) , cutaneous melanoma (12) and pancreatic cancer (13) . Studies have been conducted regarding the effects of B7-H3 in CRC. Recently, Ingebrigtsen et al (3, 14) demonstrated using tissue microarray analysis that B7-H3 expression was associated with clinicopathological parameters and patient outcome in CRC, and nuclear localization of B7-H3 strongly predicts poor outcome in colon cancer. Bin et al (4) also demonstrated that B7-H3 was aberrantly expressed in CD133(+) CRC cells, and the expression level was closely associated with tumor progression. All the data suggest that B7-H3 may be a useful prognostic and therapeutic marker for CRC. However, the exact role of B7-H3 in CRC remains ambiguous.
Matrix metalloproteases (MMPs) are important in tumor growth, invasion and metastasis (15) . Studies have shown that matrix metallopeptidase 9 (MMP-9), one of the most important MMPs, functioned in the migration, invasion and metastasis of numerous types of cancer, including CRC, through various signaling pathways (16) (17) (18) (19) (20) (21) (22) (23) . MMP-9, activated by astrocyte elevated gene-1 (24), ERK-dependent induced MMP-9 (25) and the p38-MMP-9 pathway (26), increases the invasiveness of CRC. In a recent study, B7-H3 promoted the expression of MMP-9 in a murine inflammatory model (11) . However, to date, no studies have been conducted to investigate the correlation between MMP-9 and B7-H3 expression in CRC.
The present study, aimed to investigate the role of B7-H3 in cell migration and invasion in CRC, and the possible signaling pathway involved.
Materials and methods
Cell lines and culture. Two human CRC cell lines, SW480 and HCT8 (American Type Culture Collection, Manassas, VA, USA), had different expression of B7-H3. SW480 cells were constructed with high expression of B7-H3 (SW480-B7-H3-EGFP), and HCT8 cells stably transfected with B7-H3 siRNA (HCT8-shB7-H3) in our laboratory. At AG490, a Jak2 protein tyrosine kinase inhibitor, was purchased from Sigma-Aldrich (St. Louis, MO, USA; T3434) and a stock solution of AG490 (100 mmol/l) was prepared by re-suspension in dimethly sulfoxide (Sigma-Aldrich).
B7-H3 promotes cell migration and invasion through the
Protein preparation a nd western blot a nalysis. SW480-B7-H3-EGFP/SW480-NC or HCT8-shB7-H3/NC/ HCT8-NC cells (5x10 5 ) were cultured for 48 h in a 6-well plate. Then the conditioned medium (CM) was collected by centrifugation at 15,294 x g for 15 min at 4˚C, while cells were harvested and cell lysates were prepared using RIPA lysis buffer (Beyotime Biotechnology Inc.) containing phosphatase inhibitor, protease inhibitor and 1 mmol/l PMSF (Beyotime Biotechnology Inc.) for 20 min on ice and stored at -80˚C for later use. The protein content in CM and the lysates was measured by a BCA Protein Assay kit. For western blot analysis, equal quantities of total proteins were resolved over 10% tris-glycine polyacrylamide gels (consisting of 4 ml water, 3.3 ml of 30% Acr-Bis (29:1) , 2.5ml of 1.5 mol/l Tris (pH 8.8), 100 µl of 10% SDS, 100 µl 10% ammonium persulfate and 5 µl TEMED for a total volume of 10 ml) under non-reduced conditions, transferred onto polyvinylidene difluoride membranes (Merck Millipore, Billerica, MA, USA), and subsequently incubated in blocking buffer (5% non-fat dry milk in phosphate-buffered saline) for 1 h at room temperature. The blots were incubated with the appropriate primary antibody, washed with TBST (Tris-buffered saline buffer with 0.2% Tween-20), and incubated with a horseradish peroxidase (HRP)-conjugated secondary antibody. The blots were detected with chemiluminescence (Beyo ECL Plus, Beyotime Biotechnology Inc.) followed by autoradiography (Bio-Rad ChemicDoc TM XRS+imaging system and Image Lab software version 4.0.1; Bio-Rad, Hercules, CA, USA). Relative quantities of protein were quantified by absorbance analysis. The level was normalized to GAPDH, a domestic loading control.
SW480-B7-H3-EGFP and SW480-NC cells (5x10 5 ) were treated with 100 µmol/l AG490 or left untreated. After 48 h, CM was collected by centrifugation at 15,294 x g for 15 min at 4˚C, while cells were harvested and cell lysates were prepared for western blot analysis as described above.
Zy m og ra p h y e x p e r i m e n t s. To i nve s t ig a t e t h e effects of overexpression of B7-H3 on M M P-9 activation, 5x10
5 SW480-B7-H3-EGFP/SW480-NC or HCT8-shB7-H3/HCT8-NC cells were plated in a 6-well plate and cultured for 48 h. The CM was collected by centrifugation at 15,294 x g for 15 min at 4˚C. The samples containing an equal quantity of total protein were mixed with sample buffer in the absence of reducing agent and loaded onto zymography SDS-polyacrylamide gels containing gelatin (0.5 mg/ml) as described previously (27) . The gels were incubated in incubation buffer (50 mmol/l Tris-HCl; pH 7.5) containing 100 mmol/l CaCl 2 , 1 µmol/l ZnCl 2 , 1% (v/v) Triton X-100, and 0.02% (w/v) NaN 3 for 16 h. The gels were stained with Coomassie Blue and de-stained. Negative staining showed the zones of gelatinolytic activity of MMP-9.
To further determine the effect of AG490 on MMP-9 activation, 5x10
5 SW480-B7-H3-EGFP or SW480-NC cells were plated in a 6-well plate and treated with 100 µmol/l AG490 for 48 h or left untreated. The CM was collected, and the gelatinolytic activity of MMP-9 was detected by zymography as described above.
Cell migration and invasion assay. The migration and invasion assay was performed using Transwell cell culture chambers (Corning, Corning, NY, USA) as described previously (28) .
For the migration assay, the confluent monolayers of SW480-B7-H3-EGFP and SW480-NC cells were harvested with trypsin-EDTA and centrifuged at 800 x g for 10 min. Cell resuspension (200 µl, 2x10 5 cells/ml) in RPMI-1640 was added to the upper chamber of the prehydrated polycarbonate membrane filter. The lower chamber was filled with RPMI-1640 medium with 10% FBS, which acted as a chemoattractant. Then cells were incubated in a humidified incubator in 5% CO 2 at 37˚C for 24 h. The non-migrated cells on the upper side of the filter were scraped, and the filter was washed with PBS and deionised water, and then air-dried. The migrated cells on the reverse side of the filter were fixed with methanol and stained with Giemsa. Images were captured using an inverted microscope (Olympus IX71, Tokyo, Japan).
For the invasion assay, the prehydrated polycarbonate membrane filter of the Transwell cell culture chambers was pre-coated with BD Matrigel™ Basement Membrane Matrix (356234, BD BioSciences, Franklin Lakes, NJ, USA). A 200 µl cell re-suspension of SW480-B7-H3-EGFP and SW480-NC (2x10 5 cells/ml) in RPMI-1640 was added to the upper chamber of the Boyden chamber. RPMI-1640 medium with 10% FBS was used in the lower chamber, which acted as a chemoattractant. After 48 h, the non-invaded cells and Matrigel from the upper side of the filter were scraped and removed using a moist cotton swab. The invaded cells on the lower side of the filter were fixed with methanol and stained with Giemsa. Images were captured using an inverted microscope (Olympus IX71).
Wound healing assay. One day prior to the wound healing assay, SW480-B7-H3-EGFP or SW480-NC cells were plated in a 6-well plate so that cells were 90-95% confluent at the time of the assay. Wounds with a constant diameter were made. Cells were maintained in RPMI-1640 with 0.5% FBS. Images of the wound area were captured using an inverted microscope (Olympus IX71) everyday for 5-6 days.
Statistical analysis. Statistical differences were determined by Student's t-test using GraphPad Prism 5 software (GraphPad Software Inc., La Jolla, CA, USA). P<0.05 was considered to indicate a statistically significant difference. All experiments were conducted at least three times.
Results

Overexpression of B7-H3 promotes cell migration and invasion.
To delineate the role of B7-H3 on cell migration and invasion in CRC cells, a wound healing assay, and a cell migration and invasion assay were performed (Fig. 1) . Transwell experiments (without Matrigel on the filter) and wound assay results indicated that enhanced expression of B7-H3 promoted cell migration, 7.4±1.5 fold SW480-B7-H3-EGFP vs. SW480-NC (Fig. 1A upper panel,  Fig. 1B ). In addition, enhanced expression of B7-H3 also promoted cell invasion (with Matrigel on the filter), 5.07±0.2 fold SW480-B7-H3-EGFP vs. SW480-NC (Fig. 1A lower  panel) .
Overexpression of B7-H3 upregulates MMP-9.
To determine the mechanism underlying the effect of enhanced expression of B7-H3 on the promotion of cell migration and invasion, the present study aimed to delineate the role of MMP family member, MMP-9. Zymography experimental data revealed that over-expression of B7-H3 in SW480-B7-H3-EGFP cells ( Fig. 2A lower panel) significantly elevated the proteolytic activity of MMP-9 when compared with control cells, SW480-NC ( Fig. 2A upper panel) . Moreover, western blot analysis demonstrated that enhanced expression of B7-H3 also promoted the expression of MMP-9 protein ( Fig. 2A upper  panel) . B7-H3 was downregulated in HCT8-shB7-H3 cells. The proteolytic effect of MMP-9 in CM of HCT8-shB7-H3 cells was significantly reduced compared with that in the CM of control cells, HCT8-NC. The expression level of MMP-9 protein in the CM of HCT8-shB7-H3 cells was also reduced (Fig. 2B ). These results demonstrate that enhanced expression of B7-H3 promoted cell migration and invasion, at least partially through upregulation of MMP-9.
Overexpression of B7-H3 enhances cell migration and invasion in CRC cells via activation of the Jak2-Stat3 pathway.
The phenomenon that B7-H3 enhanced cell migration and invasion through upregulation of MMP-9 was observed, and the present study aimed to identify the signaling pathway involved. The Jak2/Stat3 pathway has been reported to be key in cell migration, invasion and metastasis, and inhibition of Jak2/Stat3 signaling induced CRC cell apoptosis, cell arrest and reduced tumor cell invasion (29) (30) (31) . Thus, it was analyzed whether this pathway could be activated by B7-H3 in CRC. SW480-B7-H3-EGFP cells were treated with AG490, a Jak2-selective inhibitor, at a final concentration of 100 µmol/l for 48 h. CM was collected and used for detection of MMP-9 by western blot analysis and zymography, and whole-cell lysates were used for detection of Jak2, Stat3 and their phosphorylated forms by western blot analysis (Fig. 3A) . Data showed that the phosphorylation levels of Jak2 and Stat3 increased following upregulation of B7-H3 expression; however, both were significantly reduced after AG490 treatment due to the inhibition of tyrosine phosphorylation of Jak2 (Fig. 3A upper panel) . In addition, the proteolytic activity and protein expression of MMP-9 increased following upregulated expression of B7-H3, but significantly reduced after AG490 treatment, as determined by zymography and western blot analysis, paralleled with the regulation of the phosphorylation level of Jak2 and Stat3 (Fig. 3A lower panel) . These 
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A results indicate that MMP-9 is a downstream target of B7-H3 and the upregulation of MMP-9 induced by B7-H3 can be blocked by AG490 (a Jak2/Stat3 signaling pathway specific inhibitor). Thus, it was hypothesized that overexpression of B7-H3 increased the phosphorylation of Jak2, which led to increased phosphorylation of Stat3, resulting in increased expression of MMP-9 (Fig. 3B) . Thus, it was confirmed that the Jak2/Stat3/MMP-9 signaling pathway was important in regulating the cell migration and invasion induced by B7-H3 in CRC.
Discussion
B7 family members are regarded as co-stimulatory/co-inhibitory immune molecules that integrate T cell receptor signaling to regulate T cell function. In this study, it was demonstrated that B7-H3 exhibits a non-immune role in CRC, promoting MMP-9 expression in CRC cells. The elevated MMP-9 expression level in CRC cell supernatants can partly explain the phenomena that the expression level of B7-H3 in CRC tissue is positively correlated with T stage of patients (3, 4) and negatively correlated with overall survival of CRC (14) . Furthermore, it has previously been shown that B7-H3 regulates the expression of Bcl-2, Bcl-xl and Bax via the Jak2/Stat3 signaling pathway in order to increase the anti-apoptotic ability of cancer cells (32) . In the present study it was demonstrated that B7-H3 promotes cell migration and invasion through the Jak2/Stat3/MMP9 signaling pathway.
Ingebrigtsen et al (3, 14) and Bin et al (4) showed that high B7-H3 expression predicted poor outcome in patients with colon cancer, and the high expression level in CD133(+) CRC cells was associated with tumor progression as determined by tissue microarray analysis. However, the molecular regulatory mechanisms have not yet been investigated. To the best of our knowledge, the present study demonstrated that B7-H3 promoted cancer cell migration and invasion via Jak2/Stat3/MMP-9 signaling pathway for the first time.
MMPs degrade all types of extracellular matrix proteins, and are regarded as a marker of malignant tumor invasion and metastasis (33) (34) (35) . MMP-2 and MMP-9 are the most 
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important molecules in the MMP family. B7-H3 and MMP-2 were shown to correlate with infiltration depth in pancreatic cancer (4) , and knock-down of B7-H3 led to reduced expression of MMP-2 (36) . In addition, B7-H3 was shown to increase the expression of MMP-9 in murine models of inflammation (11) . The correlation between B7-H3 and MMP-9 requires further investigation in malignant tumors. In the present study, it was shown that overexpression of B7-H3 elevated the MMP-9 expression level in CRC. However, whether B7-H3 can affect the levels of other MMPs, such as MMP-2, remains to be investigated.
Abnormalities in the Jak2/Stat3 pathway are involved in the pathogenesis of CRC. Inhibition of Jak2/Stat3 signaling induces CRC cell apoptosis, cell arrest and reduces tumor cell invasion (29) (30) (31) . MMPs, including MMP-2, -9 and -10, have been reported to be downstream of this pathway (37) (38) (39) . Another study showed that blocking B7-H3 resulted in inhibition of activated Jak2/Stat3 in breast cancer cells (40) . It was also previously demonstrated that B7-H3 possesses an anti-apoptotic function through the Jak2-Stat3 signaling pathway (32) . In the present study, B7-H3 activated the Jak2/Stat3 signaling pathway, and the high phosphorylation level of Jak2 and Stat3, led to the upregulation of MMP-9. Furthermore, AG490, a specific inhibitor of Jak2, was used to inhibit Jak2/Stat3 signaling. It was demonstrated that AG490 could significantly reduce the phosphorylation level of Jak2 and Stat3, and downregulate the expression of MMP-9. These results indicate that MMP-9 is a downstream target of the B7-H3/Jak2/Stat3 signaling pathway, and B7-H3 promotes CRC invasion through the Jak2/Stat3/MMP-9 pathway. Due to the complex signaling pathways present in cancer cells, successful targeted therapies are becoming more difficult to identify. Each cellular process is controlled by various signaling networks. Thus, B7-H3 may also promote CRC cell migration and invasion through other signal networks, which required to be determined.
Based on above results, we plan to analyze other MMP family members and tissue inhibitor of metalloproteinase family members in cells with B7-H3 overexpression and knock down in the subsequence studies, and to identify possible proteins that mediate B7-H3 signaling resulting in Jak2 phosphorylation.
In conclusion, it was demonstrated that high B7-H3 expression could promote cancer cell migration and invasion in CRC. This is the first report to show the molecular mechanisms underlying this effect. Overexpressed B7-H3 elevated MMP-9 resulting in pro-migratory and pro-invasive abilities through the Jak2-Stat3 pathway. These findings indicate a novel role for B7-H3 in the regulation of the invasive capacity of CRC cells and it may be a potential therapeutic target to prevent metastasis. 
